Abstract. A major challenge in component mode synthesis (CMS) remains
INTRODUCTION
Component mode synthesis (CMS) is a popular reduced-order modeling technique of the large finite element model in computational dynamics. After introducing the first approach of the CMS method in 1960s, various methods have been proposed [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . In particular, the flexibility based CMS (F-CMS) method was developed using localized Lagrange multipliers [13] , and its extended works have been performed [14, 15] .
In CMS methods, since the reduced order model is constructed by assembling substructural modes, its accuracy depends on the selection of dominant substructural modes. Generally, the frequency cut-off rule has been used to select the substructural modes [15] [16] [17] , and it relies on the basic assumption of the mode superposition which the lower substructural modes contribute more to the lower global modes. While the frequency cut-off rule is simple and easy to use, this assumption is not always true in the CMS methods. For the reason, Park and Park developed a new mode selection method using residual interface flexibility in the F-CMS method [12] . Also, Kim et al. [17] have developed another mode selection method based on the eigenvector relation between substructural and global modes, and it shows better performance than previous ones but also is applicable to various CMS methods such as Craig-Bampton (CB) and Automated multi-level substructuring (AMLS) methods. In addition, Kim and Lee recently developed new error estimation methods to directly estimate the relative eigenvalue error [18] [19] [20] unlike the previous methods [9, 21, 22] . In this paper, we propose an iterative mode selection algorithm that combines the mode selection and error estimation methods developed by Kim et al. [17, 20] , and its feasibility is studied using the F-CMS method.
First, we introduce the F-CMS method in Section 2. The mode selection and error estimation methods are presented in Section 3. A new mode selection algorithm and its performances are presented in Sections 4 and 5, respectively. The conclusions are given in Section 6.
FLEXIBILITY BASED CMS (F-CMS) METHOD
The displacement-based discrete energy functional   g u  of the global structure is , the eigenvalue problem is obtained 
where subscripts d and r denote the dominant and residual terms, respectively. To construct the effective reduced model, only dominant substructural modes are retained. Substituting Equation (5) into Equation (4) and performing the Gauss elimination on r q , the condensed equations are obtained. Finally, we have the final reduced eigenvalue problem 
PREREQUISITES FOR THE MODE SELECTION ALGORITHMS

Mode selection method
The mode selection method developed by Kim et al. [17] is based on the relation between the substructural and global eigenvectors. 
where ) (k i C is an indicator of the contribution of the i th substructural mode of the k th substructure, and here j  denotes the weighting factor with the following rule
in which 
Error estimation method
We here introduce the recently proposed error estimation method [20] that is another priority of the mode selection algorithm. Since i  and i g ) (φ are the exact eigensolutions of the global eigenvalue problem in Equation (2), the following equations should be satisfied
Here, the exact global eigensolutions are expressed by the approximated terms and the error terms i  and
and also, we assume that g K can be divided as the approximated and its error matrices as
in which g K  is error in the global stiffness matrix. Using Equations (12) and (13) in Equation (11), we have
If the approximated global eigenvector i g ) (φ is close enough to the exact global eigenvector i g ) (φ , the right-hand side in Equation (14) that are much smaller than the terms in the left-hand side can be negligible. Consequently, Equation (14) can be rewritten by
where the left-hand side in Equation (15) is the relative eigenvalue error, and the right-hand side is the mass-orthonormality error of the approximated global eigenvector i g ) (φ . This derivation procedure shows that the mass-orthonormality error is a direct approximation of the relative eigenvalue error. Then, we define the error estimation parameter i
MODE SELECTION ALGORITHM
We here propose a new mode selection algorithm combining the recently develop mode selection and error estimation methods [17, 20] . The proposed new mode selection algorithm will be compared with another mode selection algorithm using frequency cut-off rule. To distinguish those two algorithms, we here use "eigenvector based mode selection algorithm (E-MSA)" and "frequency cut-off mode selection algorithm (F-MSA)". The sequential procedures of these mode selection algorithms are summarized in Tables 1 and 2. Step 1. Initial preparation (a) g M and g K are given.
(b) The range of the target global modes is determined:
(c) Error tolerance  is assigned.
N is determined for the reduced models.
Step 2. Construction of the reduce model (a) The substructural eigenvalue problem are solved:
The dominant substructural modes are selected by the frequency cut-off rule. (c) The reduced model is constructed and solved:
Step 3. Convergence check (a) Relative eigenvalue error is estimated using Equation (16). (b) Convergence is check in target range:
If the target eigenvalues have converged, stop. Otherwise, continue. (c) Increase the number of retained modes:
(d) Go to step 2(b). 
Step 4. Convergence check (a) Relative eigenvalue error is estimated using Equation (16) . (b) Convergence is check in target range:
(d) Go to step 3(c). Table 2 : Eigenvector based mode selection algorithm.
NUMERICAL EXAMPLES
We consider a cylindrical shell problem modeled by 24 24 MITC4 shell finite elements [23] [24] [25] , and the free boundary condition is imposed. Length L is 12m, radius R is 0.5m, and thickness h is 0.005m. Young modulus is 69GPa, Poisson's ratio is 0.35, and structural density is 2700 
CONCLUSIONS
We here propose a new mode selection algorithm in the F-CMS method, and then recently developed robust mode selection and error estimation methods are employed [17, 20] . The proposed mode selection algorithm was compared with the conventional mode selection algorithm using the frequency cut-off rule. We first reassessed the mode selection and error estimation methods, and then tested performance and features of the proposed mode selection algorithm using cylindrical shell problem. Those results show the excellent performance of the proposed mode selection algorithm. Although it is only studied in the F-CMS method here, this idea could be applicable to other CMS methods.
